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Solar Radiation for Flat-Plate Collectors Facing South at a Fixed Tilt (kWh/m?/day), Uncertainty +9%
Tilt (%) Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
0 Average 2.0 2.8 38 4.9 5.8 6.5 6.5 5.7 4.4 3.2 2.1 13 4.1
Min/Max | 1.7/2.2 25/32 3.0/44 | 43/56 48/67 58/75| 5873 49/63 3.6/55| 2.8/39 1724 14/20 | 3.9/45
LaRHds 15 Average 3.2 3.9 4.6 5.3 59 6.4 6.5 6.0 52 4.4 3.1 2.6 4.8
~ | Min/Max | 2.4/3.6 3.2/46 34/57 | 46/62 4868 57/74| 57/73 52/68 40/67 | 3.6/55 2440 19/33 |4.4/53
TEtHE Average 3.0 4.3 4.7 5:2 55 5.8 6.0 58 5.3 4.7 34 3.0 48
Min/Max | 2.7/4.2  3.4/50 3.5/59 | 45/6.1 45/64 53/6.8 | 5.2/6.7 5.0/65 4.0/6.8 | 3.8/60 26/45 2039 |44/53
Latituds #15 Average 39 4.4 4.7 4.8 49 8 | 32 3 51 4.7 36 3.2 4.6
ThT < | Min/Max | 28/4.6 3.5/52 3.3/59 | 4.1/56 4.0/56 4.6/58| 46/58 45/59 3.8/66 | 3.8/6.1 2.6/4.8 2.1/43 ]| 4.2/5.1
90 Average 87 4.0 3.6 3.2 28 P 2.8 At 3.6 3.9 3.2 3.1 3.3
Min/Max | 2.6/44 3.0/48 2.5/45| 2736 24/3.1 25/29 | 2530 2.8/3.6 2747 | 3.0/51 24/44 1.9/42 | 3.0/3.6

Solar Radiation

for 1-Axis Tracking Flai-Plate Colleciors with a

North-South Axis (kWh/

m?/day), Uncertainty 9%

Axis Tilt (°) Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
0 Average 3.0 4.0 51 6.5 7.6 8.6 8.0 Tl 6.2 4.7 29 24 3.6
Min/Max | 2.2/34 3.1/48 3.7/65 | 54/7.8 6.0/9.1 7.2/103| 7.3/10.1 6.4/8.8 4.5/83 | 3.7/6.1 23739 1.7/3.1 | 5.2/64
Latitude -15 A}ferage 3.8 4.9 5.8 6.9 o 8.6 8.7 8.0 6.8 55 37 3.1 6.1
Min/Max | 2.8/45 3.7/59 4.1/7.4 | 57/83 6.0/94 7.2/103| 74/102 6.7/92 4992 | 43/72 2750 2.0/4.1 |56/7.0
Tannme Average 42 3.2 58 6.8 i 8.2 8.4 1.9 0.8 5.8 4.0 34 6.2
Min/Max | 3.0/5.0 3.9/63 4.1/7.7 | 5.6/83 5.8/9.1 69/99 | 7.1/9.9 6.5/9.1 48093 | 4476 29/54 22/4.6|5.7/7.1
Latitida ¢15 Average 4.4 3.3 5.8 6.5 y 9| 1.7 7.9 1.5 6.7 58 4.1 3.0 6.0
Min/Max | 3.1/53 3.9/64 4.0/7.6 | 53/7.9 55/86 64/93 | 67/93 62/86 4791 | 4477 29/56 2.3/49|55/69
Solar Radiation for 2-Axis Tracking Flat-Plate Collectors (kWh/m?/day), Uncertainty +9%
Tracker Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
Ao iE Ayerage 45 5.3 59 6.9 78 8.8 8.9 8.1 6.9 5.8 4.1 37 6.4
Min/Max | 3.1/5.3 39/64 4.1/7.7 | 5.7/84 6.1/95 7.3/106]| 7.5/104 6.7/93 49/93 | 45/7.7 3.0/57 23/49|59/73
Direct Beam Solar Radiation for Concentrating Collectors (kWh/m?/day), Uncertainty 8%
Tracker Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
1-Axis, E-W | Average 2.6 2.8 2.8 31 3.6 4.2 4.3 39 34 32 24 2.1 32
Horiz Axis Min/Max | 1.4/3.3 1.7/3.8 1.6/4.4 | 22/44 22/50 30/59 | 3.2/55 2.8/48 19/54 | 2.3/47 1.2/3.6 1.0/3.0 | 2.7/4.0
1-Axis, N-§ Average 1.8 2.4 3.1 4.0 4.7 5.6 5.7 5.1 4.1 32 1.8 1.4 3.6
Horiz Axis Min/Max | 1.0/2.3 1.5/3.4 1.7/4.8 | 2.9/5.7 3.0/6.6 3.8/7.7| 42/74 3.7/64 23/65 | 2247 0928 06/2.0 | 3.1/45
1-Axis, N-S | Average 28 3:3 37 4.3 4.7 St 3 53 47 4.1 i 22 4.0
Tilt=Latitude| Min/Max | 1.5/3.5 2.0/46 2.1/5.8 | 3.1/6.0 3.0/6.5 3.6/73 | 4.1/7.1 3.8/6.6 2.6/74 | 2860 1341 1.0/3.2|35/5.1
Al Average 3.0 3.4 37 dt 4.9 - 3.9 5.4 4.7 4.1 2.8 24 4.2
s Min/Max | 1.6/3.8 2.1/47 2.1/58 | 3.2/6.1 32/6.8 3979 | 43/7.6 3.9/68 2.6/74 | 2.9/6.0 1.4/4.3 1.1/3.5 | 3.6/5.3
Average Climatic Conditions
Element Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
Temperature (°C) -7.0 -4.1 29 10.5 16.8 22:1 24.8 233 18.4 11.9 39 4.2 9.9
Daily Minimum Temp -11.8 -9.1 -2.4 44 10.8 16:2 192 17.6 125 59 -1.2 -8.8 4.4
Daily Maximum Temp -2.2 0.9 83 16.6 22.8 27.9 304 29.0 242 17.9 8.9 0.3 154
Record Minimum Temp | -31.1 -28.9 -30.0 -12.8 1.1 3.3 8.3 44 -3.3 -10.0 -20.0 -30.0 -31.1
Record Maximum Temp | 18.3 22.8 32.8 33.9 36.7 39.4 40.6 422 383 35.0 244 20.6 422
HDD, Base 18.3°C 786 627 477 238 a2 6 0 6 39 207 433 699 3609
CDD, Base 18.3°C 0 0 0 3 45 119 200 159 41 8 0 0 576
Relative Humidity (%) 71 71 68 63 63 63 68 70 T 67 71 75 68
Wind Speed (m/s) S 5.0 55 55 4.8 4.4 3.9 38 4.1 4.4 4.8 4.9 4.7
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Mason City, 1A

WBAN NO. 14940

LATITUDE: 43.15° N

Monthly Radiation (kWh/m?/day)

Variability of Latitude Fixed-Tilt Radiation

LONGITUDE: 93.33° W 4“
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MEAN PRESSURE: 972 millibars
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Solar Radiation for Flat-Plate Collectors Facing South at a Fixed Tilt (kWh/m?/day), Uncertainty +9%
Tilt (°) Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
0 Average 19 2 37 4.7 58 6.3 6.3 Do 43 3.0 1.8 1.3 4.0
Min/Max | 1.6/22 2.2/3.1 3.0/43 | 39/56 4.8/63 56/7.1 | 56/7.1 48/62 34/50 | 24/36 L5121 1.3/11.8 .| 3.7/4.2
L afitods 15 Average 31 3.9 4.6 5.1 59 6.2 6.3 59 5.1 4.1 28 2.5 4.6
i 2 | Min/Max | 24/3.7 2844 34/57 | 42/64 48/64 54/70| 55/7.1 51/67 3.7/62| 3.1/51 1835 2.0/3.1 | 42/50
1stiude Average 33 4.3 4.7 5.0 5.5 57 5.8 5.6 5l 4.4 3.1 2.8 4.6
Min/Max | 2.7/43 2949 3.4/6.0 | 4.1/63 45/6.0 50/64 | 51/6.6 49/64 3.7/63 | 3.3/55 1.9/40 22/3.7 | 42/5.0
Labitude 415 Average 38 4.4 4.7 4.6 49 4.9 o % 3l 4.9 4.4 32 3.0 4.4
Min/Max | 2.8/4.7 3.0/5.2 3.3/6.0 | 3.8/5.8 4.0/53 4.3/55 | 45/57 44/58 34/6.1 33/56 2042 2340 39438
90 Average 3.6 4.1 38 32 29 27 29 32 36 3.7 29 29 33
Min/Max | 2.7/44 27/49 26/53 | 2.7/3.9 2.5/3.1 2:5/30 | 2631 2.8/3.6 25/45 | 2.7/4.7 1.7/3.8 2.2/4.0 | 2.9/3.5
Solar Radiation for 1-Axis Tracking Flat-Plate Collectors with a North-South Axis (kWh/m?/day), Uncertainty +9%
Axis Tilt (%) Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
0 Average 2.8 3.9 5.0 6.2 705 8.3 8.4 7.4 59 43 2.6 22 54
Min/Max | 2.2/3.4 2.7/46 35/65 | 4.7/79 5985 7.1/9.6 | 7.3/10.0 6.2/86 4.1)74 | 3.2/54 1.7/3.3 1.7/2.8 | 4.8/59
T atinds <15 Average 3.7 4.8 57 6.6 7.7 8.3 85 i 6.5 3.1 33 29 59
: - | Min/Max | 2.8/47 3.1/5.7 3.9/75 | 5.0/85 6.0/87 7.0/9.6 | 7.3/10.1 65/9.1 44/83 | 3.7/6.6 2043 22/3.8 | 52/6.5
Latitude Average 4.1 a1 58 6.5 7.5 8.0 8.2 7.6 6.6 54 3.3 3.2 6.0
= Min/Max | 3.0/5.1 3.2/6.1 3.9/7.7 | 49/84 58/85 6.7/92 | 7.0/9.8 64/90 43/84 | 3.8/69 2.1/47 2542 | 52/6.6
Latitids-£15 Average 43 3.2 5.8 6.2 7.0 135 T i d 6.4 54 3.6 3.3 58
“ | Min/Max | 3.1/54 3.3/62 38/7.7|4.7/81 55/80 063/86 | 66/92 6.0/86 42/83 | 3.8/7.0 2.1/48 2.6/45|5.1/64 I
Solar Radiation for 2-Axis Tracking Flat-Plate Collectors (kWh/m?/day), Uncertainty +9% .y
Tracker Jan Feb Mar Apr May June Tuly Aug Sept Oct Nov Dec | Year
goAxis Average 4.3 52 58 6.6 7.8 8.5 8.0 7.8 0.0 54 3.6 34 62
Min/Max | 3.2/55  3.3/62  3.9/7.7 | 5.0/85 6.1/89  7.2/9.9 | 74/10.3 6.6/9.2 4.4/84 | 3.97.0 2149 2.6/4.6 | 54/6.8
Direct Beam Solar Radiation for Concentrating Collectors (kWh/m?/day), Uncertainty 8%
Tracker Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
1-Axis, E-W | Average 24 2.6 2.6 2.9 3.5 4.0 4.1 3.6 32 3.0 20 19 3.0
Horiz Axis Min/Max | 1.5/3.7 1.0/3.7 1.3/43 | L6/45 2343 3.0/51 | 3.1/53 2748 1546 | 1.9/41 0.8/3.0 1327 | 24/36
1-Axis, N-S | Average 1.6 23 2.9 37 4.7 53 54 4.8 38 2.8 . 1.2 33
.| Horiz Axis Min/Max | 1.0/2.6 0.9/3.2 1.4/48 | 2.1/57 3.0/5.8 39/67 | 42/7.2 35/63 1955 1.7/39 05/23 0.8/1.7 | 2.7/4.0
1-Axis, N-S | Average 2.6 32 3.5 4.0 4.6 5.0 5.2 4.9 44 37 23 2.0 38
Tilt=Latitude | Min/Max | 1.6/4.1 1.2/44 1.7/5.8 | 2.3/6.1 3.0/57 37/64 | 4.0/69 3.7/65 2.1/64 | 23/52 09/34 13/2.8 | 3.045
O donia Average 28 32 35 4.0 4.9 5.4 5.6 51 4.4 3 4 24 2.1 39
Min/Max | 1.7/44  1.3/45 1.7/5.8 | 2.3/6.2 3.2/60 4.1/69 | 43/74 3.8/6.7 2.1/64 | 23/52 09/3.6 14/3.0| 3.1/4.7
Average Climatic Conditions
Element Jan Feb Mar Apr May Tune July Aug Sept Oct Nov Dec Year
Temperature (°C) -10.4 -74 -0.3 7.9 14.8 20.2 225 21.0 15.9 9.6 Jii -1.6 7.3
Daily Minimum Temp -154 -12.3 -5.1 2.0 8.2 13.8 16.4 14.8 9.6 33 -39 -12.1 1.6
Daily Maximum Temp -5.5 -2.5 44 139 214 26.6 28.7 273 22.3 158 6.1 -3.1 12.9
Record Minimum Temp | -36.1 -31.1 -32.8 -14.4 =50 33 6.7 3.9 -33 -14:1 -26.7 -32.2 -36.1
Record Maximum Temp | 15.0 18.9 28.3 33.9 34.4 394 394 37.8 36.1 35.0 22.8 18.3 39.4
HDD, Base 18.3°C 892 720 579 312 129 22 6 15 83 276 a7 804 4354
CDD, Base 18.3°C 0 0 0 0 21 78 134 97 11 4 0 0 346
Relative Humidity (%) 74 76 76 63 65 67 73 76 76 72 78 79 73
Wind Speed (m/s) 5.9 54 5.9 59 54 49 4.0 38 43 4.9 5.4 5.6 51
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Monthly Radiation (kWh/m“/day)

Variability of Latitude Fixed-Tilt Radiation

WBAN NO. 14943

LATITUDE: 42.40° N

_g_ LONGITUDE: 96.38° W
ELEVATION: 336 meters
MEAN PRESSURE: 976 millibars
STATION TYPE: Secondary
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Solar Radiation for Flai-Plate Collectors Facing South at a Fixed Tilt (kWh/m2/day), Uncertainty 9%
Tilt (°) Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
0 Average 1.9 2.8 38 49 SR 6.6 6.5 57 4.4 3.2 2.0 1.6 4.1
Min/Max | 1.6/2.1 2.3/3.2 3.0/45 | 3.9/55 4567 5772 | 5873 5.0/63 3.6/53| 2838 1623 14/1.8 | 3.84.4
Latitude <1% Average 3t 39 4.7 54 5.9 6.4 6.5 6.1 3.2 44 3.0 2.6 4.8
Min/Max | 2.3/3.6 2.8/48 3.4/58 | 42/6.2 4568 56711 | 5773 53/69 4.0/65| 3.6/53 2.1/38 22/32 | 43/53
T-alitude Average 3.6 4.3 4.9 53 55 309 6.0 5.8 5.3 4.9 34 3.0 4.8
Min/Max | 2.6/42 3.0/54 34/6.0 | 41/60 42/64 5.1/6.5| 52/6.8 5.1/6.6 4.0/6.7 | 3.8/58 22/43 24/38 | 43/5.3
Talituda 15 Average 39 4.4 4.8 4.9 4.9 i | 5.3 53 5.1 47 3.5 32 4.0
Min/Max | 2.7/4.5 3.0/5.6 3.3/59 | 3.7/5.6 3.7/57 44/56 | 4.6/59 4.6/6.0 3.7/64 | 3.7/59 2346 2.6/4.1 ]| 4.0/51
90 Average 37 4.0 3.8 3.3 2.9 2.7 2.9 33 3.7 3.9 32 3.1 34
Min/Max | 2.6/4.3 Lol Rola 8y | 258 2332 2529 | 25732 2913F A5 | 3049 20432 F439 | 29/3T
Solar Radiation for 1-Axis Tracking Flai-Plate Collectors with a North-South Axis (kWh/m?/day), Uncertainty +9%
Axis Tilt (°) Jan Feb Mar Apr May June July Aug  Sept Oct Nov Dec | Year
0 Average 29 4.0 A 6.6 7.6 8.6 8.7 Tk 6.2 4.6 2.9 24 5.6
Min/Max | 2.1/34 2.7/50 3.6/6.6 | 4.8/7.8 54/9.1 72/99 | 7.6/10.1 6.4/89 45/8.0 | 3.8/58 1937 1.9/29 | 5:0/63
Eatitiide -15 Average 38 4.8 6.0 7.0 7.8 8.7 8.9 8.1 6.8 55 37 3.1 6.2
g © | Min/Max | 2.7/44 3.1/62 3.9/7.6 | 50/84 55/94 7.2/9.9 | 7.6/103 6.7/94 49/9.0 | 44/70 23/48 2539|5470
Latitite Average 4.2 <Al 6.1 6.9 7.6 8.3 8.5 8.0 6.9 5.8 39 35 6.2
Min/Max | 2.9/49 3.2/6.7 4.0/78 | 49/83 5.3/9.1 6.8/9.6 | 7.3/99 6.5/9.2 4.99.1 4.5/7.3  24/52 2.7/44 | 54/70
Latits+15 Average 44 52 6.0 6.0 43 | 7.8 8.0 7.6 6.7 5.8 4.1 3.6 6.1
~ | Min/Max | 3.0/52 33/68 3.9/7.7| 4.7/80 50/86 64/89| 69/93 62/88 47/89 | 45/74 24/54 2847 |52/69
Solar Radiation for 2-Axis Tracking Flai-Plate Collectors (kWh/m?/day), Uncertainty +9%
Tracker Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
5 Ale Average 44 52 6.1 7.0 1.8 8.9 9.0 8.1 6.9 5.8 4.1 3.9 6.4
- Min/Max | 3.1/52 3.3/68 40/78 | 5.1/84 56/95 7.3/102| 7.8/10.5 6.7/9.4 49/9.1 | 45/74 25/54 2947 |56/13
Direct Beam Solar Radiation for Concentrating Collectors (kWh/m?/day), Unceriainty 8%
Tracker Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec | Yesar
1-Axis, E-W | Average 2.6 2.8 29 3ed 3.6 43 45 4.0 35 33 24 21 33
Horiz Axis Min/Max | 1.2/3.5 1.1/4.1 1.5/4.3 | 1.7/4.3 1.9/49 3,1/53 | 3.5/5.6 2849 1952 | 22/45 1.0/3.5 1.4/3.1 | 2.5/4.0
1-Axis, N-S | Average 1.8 24 32 4.2 4.8 -7 33 5.2 4.] 3.2 1.8 1.4 36
Horiz Axis Min/Max | 0.9/24 09/3.7 1.7/4.8 | 2.3/5.6 2.5/65 4.1/7.1 | 47/74 3.6/64 23/63| 2.2/44 0727 09720 | 29/44
1-Axis, N-S | Average 28 3 39 4.5 4.7 54 57 54 4.7 4.1 X0 23 4.1
Tilt=Latitude | Min/Max | 1.3/3.7 1.3/50 2.0/5.8 | 24/60 25/64 3967 | 4.5/1.2 3867 2772 | 28/57 1.1/40 1.5/33 | 3.2/5.0
5_Asis Average 3.0 34 39 4.5 5.0 59 6.1 3.6 4.7 4.1 2.8 25 43
= Min/Max | 1.4/4.0 1.315.1 2.0/5.8 | 2.5/6.1 2768 42773 | 4817 25/68 2772 | 28[58 1.2/42 1.6/3.6 | 3.3/5.2
Average Climatic Conditions
Element Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
Temperature (°C) -7.9 -4.7 2.1 10.1 16.4 21.6 24.3 227 17.4 11.0 2.4 5.7 9.2
Daily Minimum Temp -135 -10.1 -3.5 35 10.0 15.3 18.2 16.7 111 4.2 -3.1 -10.7 32
Daily Maximum Temp -2.4 0.7 1.7 16.8 229 27.8 30.3 28.6 23.8 17.8 8.0 -0.6 15.1
Record Minimum Temp | -32.2 -32.2 -30.0 -18.9 -39 23 5.6 2.8 4.4 -10.6 -22.8 -31.1 -32.2
Record Maximum Temp | 21.1 21 3238 36.1 38.9 422 41.7 40.0 38.9 339 277 20.0 42.2
HDD, Base 18.3°C 814 644 503 247 95 11 Q T 57 232 477 744 3829
CDD, Base 18.3°C 0 0 0 0 36 107 184 141 31 4 0 0 504
Relative Humidity (%) T2 72 70 62 62 65 69 72 71 66 72 76 69
Wind Speed (m/s) 52 - il 5.7 5.9 54 4.8 4.2 4.1 4.4 4.7 5.0 8.1 5.0
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Solar Radiation for Flat-Plate Collectors Facing South at a Fixed Tilt (kWh/m?/day), Uncertainty 9%
Tilt (%) Jan Feb Mar Apr May June July Aug Sept Oct Nov Deg | Year
0 Average 5 27 3.6 4.7 e B 64 0.3 5.5 4.3 3.0 1.9 15 4.0
Min/Max | 1.5/22 23/30 3043|4156 49/65 T4 850 47161 3.5/51 24/3.6 1.5/2.1 1.3/19 | 3.7/44
Tatitiiela <15 A_verage 3.0 3.8 4.4 5.1 5.8 6.2 6.3 5.9 5.0 4.1 2.7 2.5 4.6
“ | MinfMax | 2.2/3.5 3.0/43 3.3/55 | 4.3/62 49/6.7 56/72 | 54/7.1 4.9/6.6 3.8/63 | 3.1/5.0 1.9/3.3 19/32 | 42/5.1
Tistibida Average 34 42 4.6 3.0 54 5.7 5.8 5.6 L 4.3 3.0 28 4.6
5 Min/Max | 2.5/4.1 3.1/48 3.3/58 | 4.2/6.1 4.6/6.3 5.1/6.6 | 5.0/6.5 4.7/64 38/64 | 32/54 2.0/3.7 2.1/37 | 4.1/5.1
Latitude +1% Average 3.7 4.3 4.5 4.6 4.8 5.0 5.1 5.1 4.8 4.4 3.1 30 44
. 7| Min/Max | 2.6/44 32/50 32/57 | 3.8/57 4.1/55 4457 | 44/57 42/58 3.6/62| 32/55 2.0/39 22/4.0 | 3.9/4.9
00 Average 33 39 3.6 3.1 28 27 2.8 3.2 35 3.6 2.8 9 32
Min/Max | 2.4/43 2846 25/44|2.6/3.8 2532 2530 2503.1 27135 2645 | 2.6/4.6 1.7/3.6 2.1]3.9 | 2.8/3.5
Solar Radiation for 1-Axis Tracking Flai-Plate Collectors with a North-South Axis (kWh/m?/day), Uncertainty £9%
Axis Tilt (°) Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
0 Average 28 39 49 6.2 74 8.2 8.3 74 5.9 4.3 2.6 P 233
Min/Max | 2.0/3.3 2.8/45 34/62 | 50/7.9 59/87 72/10.1| 69/98 6.0/86 43/7.6| 3.1/54 1.7/3.1  1.6/2.9 | 4.8/6.1
Latitnde 15 Average 3.6 4.7 5.5 6.6 7.5 8.3 84 g oo 6.5 5.1 32 29 5.8
¢ Min/Max | 2.5/44 33/55 38/7.2|5.3/84 6.0/90 7.1/10.1| 7.0/99 62/90 4.6/85 | 3.6/65 2.0/4.0 21/3.8]|5.1/6.7
Tattida Average 4.0 50 5.6 6.5 Fo 7.9 8.1 7.6 0.5 33 34 3.2 59
i Min/Max | 2.8/4.8 34/58 38/74 | 52/84 58/8.7 6.8/9.8 6.7/9.6 6.0/89 4.6/8.6 | 3.7/6.8 2.1/44 23/43 | 5.1/6.8
Datitade 15 Average 4.2 5.1 5.6 6.2 6.9 74 7.6 72 0.3 3.3 33 33 3:7
¢ Min/Max | 2.8/5.1 35/59 3.7/7.3 | 4.9/8.1 55/82 64/9.1 6.3/9.0 5.7/84 4.4/84 | 3.7/69 22/45 24/4.6 | 5.0/6.6
Solar Radiation for 2-Axis Tracking Flat-Plate Collectors (kWh/m?/day), Uncertainty 9%
Tracker Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
9. Axis Average 42 3.1 5.6 0.0 7.6 8.5 8.6 7.8 6.5 53 3.6 34 6.1
- Min/Max | 2.9/5.1 35/59 38/7.4 | 5.3/835 6.1/9.1 7.3/104| 7.1/10.1 6.2/9.1 4.6/86 | 3.7/69 22/46 24/4.6 | 5370
Direct Beam Solar Radiation for Concentrating Collectors (kWh/m?/day), Uncertainty £8%
Tracker Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
1-Axis, E-W | Average 23 2.6 o 29 3.4 3.9 4.0 3.6 = 5l 2.9 ) L9 2.9
Horiz Axis Min/Max | 1.4/3.3 1.3/3.5 1.1/4.0 | 1.9/45 22/45 29/56 | 2.7/52 24/47 L17/48 L4% 0T B30 2337
1-Axis, N-S Average 1.6 %2 2.8 kA 4.5 o1 33 4.7 3.7 2.8 14 12 3.3
Horiz Axis Min/Max | 1.0/2.3 1.0/3.0 L2144 | 25/58 2950 3874 | 36/7.0 32062 2057 1.6/40 0.6/20 0.7/1.9 | 2.6/42
1-Axis, N-§ | Average 25 3l 34 ab 4.4 4.9 | 4.9 43 3.6 Z2 2.0 37
Tilt=Latitude | Min/Max | 1.5/3.7 1.5/4.2 1.5/53 | 2.6/6.2 2.38/58 3.6/7.0 | 3.5/6.8 3.3/64 23166 | 2152 0931 12731 | 2947
9.k ke Average a1 il 34 4.0 4.7 5.3 3.5 5.0 43 3.6 23 21 3.8
= ; Min/Max | 1.7/3.9 L1543 1.5/53 | 2763 3.0/6.1 39/7.6| 3.7/7.3 34/6.6 23/66| 2.1/52 1.0/32 13/34 | 3.0/49
Average Climatic Conditions
Element Jan Feb Mar Apr May Tune July Aug Sept Oct Nov Dec Year
Temperature (°C) -9.7 -6.6 1.2 9.1 15.7 20.6 22.8 213 16.6 10.1 21 -6.5 8.1
Daily Minimum Temp -14.8 -11.9 -39 2.8 9.3 14.2 16.8 15.0 10.0 36 -32 -11.3 23
Daily Maximum Temp -4.6 -1.4 6.3 15:2 22.0 26.9 28.8 27.5 232 16.6 7.3 17 13.8
Record Minimum Temp | -35.0 -33,9 -36.7 | -20.0 -3.9 33 5.6 33 5.6 -11.7 272 328 | -36.7
Record Maximum Temp | 14.4 18.9 30.6 37.8 344 394 40.6 40.6 36.7 35.0 26.1 18.3 40.6
HDD, Base 18.3°C 868 698 531 278 113 15 6 16 71 261 488 770 4114
CDD, Base 18.3°C 0 0 0 0 31 83 145 108 19 B 0 0 390
Relative Humidity (%) 73 74 73 66 66 68 72 74 74 70 75 77 72
Wind Speed (m/s) 53 5.0 5.6 5.6 49 44 38 3.8 4.1 4.5 5.0 5.1 4.7
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